In Morocco, cutaneous leishmaniasis (CL) caused by Leishmania tropica is endemic to locations where the predominantly anthropophilic blood-feeding Phlebotomus sergenti and humans co-perpetuate. The objective of this study was to explore whether the range of epidemiological features of CLcould be linked to the range of L. tropica genetic heterogeneity and to further explore the relationships between the genetic diversity of L. tropica in both P. sergenti and humans. L. tropica DNAwas extracted from dermal scarping smears of 125 CLpatients. Genetic polymorphisms were analyzed by sequencing the internal transcribed spacer (ITS) 1 and 5.8S rDNAgene. Nucleotide diversity (π), haplotype diversity (Hd) and Tajima's D test for neutrality, as well as overall and pairwise FSTvalues, were calculated using Arlequin ver 3.5 software. Out of the 125 amplified DNAsequences, 93 were completely sequenced and 13 L. tropica haplotypes were identified, which confirmed the significant genetic heterogeneity of L. tropica in Morocco.
. Cutaneous leishmaniasis can be caused by several Leishmania species and presents a broad spectrum of clinical manifestations, ranging from small cutaneous nodules to mucosal tissue destruction. The Leishmania/L. tropica species, one of the most common aetiological agents of CL in North Africa, the Middle East, and Central and Southern Asia, is transmitted mainly by Phlebotomus/P. (Paraphlebotomus) sergenti, a widespread, blood-feeding fly species considered to be predominantly anthropophilic. Notably, the latter fly population lives close to human habitations, especially in areas with dense human populations. The metazoan hosts on which the completion of the L. tropica developmental program relies varies according to geographic location. Domestic dogs are considered incidental hosts and different species of rodents in Algeria, Tunisia, Kenya and Israel (Boubidi et al., 2011; Bousslimi, Ben-Ayed, Ben-Abda, Aoun, & Bouratbine, 2012; Sang, Njeru, & Ashford, 1994; Talmi-Frank et al., 2010) could act as sources of transmissible L. tropica to zoo-anthropophilic P. sergenti; in Ethiopia, bats were also identified as L. tropicahosts (Kassahun et al., 2015) . However, the only significant source of L. tropica transmissible to anthropophilic P. sergenti is still human beings.
In Morocco, CL due to L. tropica was initially recorded in the rural locality of Tanant (Azilal province, High Atlas) (Marty et al., 1989) . Thereafter, a large rural CL focus was identified in Central and Southern Morocco , followed by another In Morocco, the clinical manifestations of L. tropica are particularly diverse and pleotropic (Arroub, Hamdi, Ajaoud, Habbari, & Lemrani, 2013; Guessous-Idrissi et al., 1997) . Based on current data, the long-term outcomes of dermotropic Leishmania-human interactions range from asymptomatic parasitism to severe CL depending on the Leishmania species genetic diversity, as well as on the feeding preferences of phlebotomine flies (Mahnaz, AlJawabreh, Kuhls, & Schonian, 2011; Schonian et al., 2003) . Despite these studies, the correlation between L. tropica genetic diversity and the clinical and epidemiological features of CL remains largely unknown. The overall goal of this study was to study the genetic 
| DNA extraction
The surface of each Giemsa-stained slide was covered and the smear is removed by adding 250 μl of lysis buffer (50 mM Tris, 50 mM NaCl, 10 mM EDTA, pH 7.4, 1% v/v Triton X-100). The smear was transferred to a 1.5 ml sterile tube. Then, we added 100 μg/ml of proteinase K and SDS 10% to a final concentration of 1%. The samples were incubated overnight at 60°C. Phenol-chloroform was used to extract the lysate, and ethanol was used to precipitate the DNA.
The extracted DNA was suspended in 50 μl TE-buffer and stored at −20°C until PCR amplification. (Parvizi & Ready, 2008) . Negative controls were included in each PCR run. All PCR products were analyzed by electrophoresis on 1% agarose gel containing ethidium bromide.
| DNA sequencing and phylogenetic analysis
The nested-PCR products (~460 bp including primers) were sequenced using the primers ITS1F and ITS2R4. The sequencing reactions were performed using a BigDye Terminator version 3.1 Cycle Sequencing F I G U R E 1 Maximum likelihood phylogenetic tree based on ITS1-5.8S rDNA-ITS2 sequences of different strains of Leishmania spp. Red diamonds: L. tropica sequences from human patients from Azilal; Black diamonds: L. tropica sequences from P. sergenti from Azilal; Green discs: L. tropica sequences from human patients from Essaouira; Black discs: L. tropica sequences from P. sergenti from Essaouira; Cyan discs: L. tropica sequences from human patients from Boumalne. The percentage of trees in which the associated taxa clustered together is shown next to the branches. The tree is drawn to scale with branch lengths based on the number of substitutions per site [Colour figure can be viewed at wileyonlinelibrary.com] kit (Applied Biosystems, Foster City, CA, USA) and an ABI PRISM 3130 DNA automated sequencer (Applied Biosystems).
The sequences obtained were edited using SeqScape and BioEdit software and aligned using the ClustalW function of MEGA7 software. A phylogenetic tree was constructed using the maximum likelihood method under the Jukes-Cantor model. Initial tree(s) for the heuristic search were obtained automatically by applying neighbourjoining and BIONJ algorithms to a matrix of pairwise distances estimated using the maximum composite likelihood approach, and selecting the topology with a superior log-likelihood value. A discrete gamma distribution was used to model evolutionary rate differences among sites (5 categories; +G, parameter = 0.4338).
Sequences were compared with entries retrieved from GenBank.
Evolutionary analyses were conducted in MEGA7 (Kumar, Stecher, & Tamura, 2016) .
| Population genetics analysis
Unique sequences, herein referred to as haplotypes, were identified from aligned sequences using DnaSP v. 5.10.01 (Librado & Rozas, 2009 (Bandelt, Forster, & Rohl, 1999 ) among haplotypes were constructed using PopART software v. 1.7 (Leigh & Bryant, 2015) . The most common haplotype (KP202094) was widely represented in all age groups. The 12 other haplotypes were mostly found in children less than 15 years old, who represented 87% of the patients in this study. The greatest diversity of L. tropica was observed in infants under 2 years (10 haplotypes), while five haplotypes were detected within CL lesion samples from children between 2 and 15 years old (Table 1) .
Nucleotide and haplotype diversities of the 93 ITS1-5.8S rDNA sequences of L. tropica were analyzed (π = 0.0055; Hd = 0.3661) ( Table 2 ). Tajima's D index was used to determine the extent of neutral selection. In this study, the neutrality test yielded negative values (D = −1.96500; p-value = 0.0020). The haplotype diversity (Hd)
for the ITS1-5.8S rDNA sequences in the three localities of Azilal province was further analyzed and found to be almost equal among localities (Table 2) . In Foum Jamaa, Beni Hassan, and Tabia, Tajima's 
| Are intraspecific L. tropica variants associated with the geographic origins of CL patients?
To study the associations between L. tropica polymorphisms and the geographic origins of the patients, 12 L. tropica sequences were added to the 93 sequences identified in the three localities in Azilal. 
| DISCUSSION
Risk factors for CL commonly include sex, age, household design and construction material, and the presence of domestic animals. In the rural foci of this study, dwellings tend to be located near the natural focus of transmission, which is favourable to the vector, allowing it to more easily enter the house (Arroub, Alaoui, Lemrani, & Habbari, 2012) . CL affects all age groups; however, children under 5 years are most affected. They represent 72% of the total patients; patients under 15 years represent 87% of the total patients. It has been reported that in established endemic areas, CL epidemiology has several characteristic features. CL prevalence increases generally with age up to 15 years, after which it stabilizes, likely reflecting the progressive building up of the immune system (Reithinger et al., 2007) .
As far as Leishmania genetic diversity is concerned, several nuclear DNA markers such as ITS1, the rRNA small subunit gene and the gp63 gene locus have previously been studied (Oryan et al., 2013; Schonian et al., 2003) . Not only this, but knowledge of Leishmania ITS-rDNA genetic diversity (Cupolillo et al., 2003; Schonian, Kuhls, & Mauricio, 2011) as well as allowing tracing of the ancient and recent origins of L. tropica in CL emerging foci in countries such as Morocco can inform about leishmaniasis prognosis. Therefore, we chose to sequence the ITS-rDNA gene to study intraspecific variability in natural populations of L. tropica derived from endemic areas (e.g., the Azilal focus), the DNA being directly extracted from human biological samples. In the Azilal focus, 13 distinct sequences were identified, the most represented haplotype (KP202094) being detected in smears from 74 patients. Interestingly, this haplotype was not only predominantly isolated from P. sergenti (KM454142) in this studied focus (Ajaoud et al., 2015) but also negative Tajima's D index values highlighted the epidemiological relevance of probing the sequence diversity of the ITS-rDNA gene (Ishikawa et al., 2002 focus. Strains belonging to cluster A are more closely related to strains from Asian foci and those contained in cluster B are closer to strains from African foci (Krayter, Alam, Rhajaoui, Schnur, & Schonian, 2014 ). This L. tropica heterogeneity matches the considerable isoenzyme L. tropica variant diversity. Indeed, eight zymodeme profiles were observed in strains isolated from humans, dogs and phlebotomine flies in one CL focus (Lemrani, Nejjar, & Pratlong, 2002; Pratlong et al., 1991) . Although several studies have reported polymorphisms in natural populations of different Leishmania species (Cupolillo, Momen, & Grimaldi, 1998; Mauricio, Gaunt, Stothard, & Miles, 2001; Schonian et al., 2001) , so far there is little information available about the correlation between the genetic variability of the parasites and the eco-epidemiological features of CL (Guerbouj, Guizani, Speybroeck, Le Ray, & Dujardin, 2001 ). The risk factors for human CL driven by dermotropic Leishmania species are largely unknown, reflecting the intrinsic and extrinsic features accounting for the perpetuation of dermotropic Leishmania species (Banuls et al., 2011) . Indeed, the latter relies on either zoo-anthropophilic or anthropophilic phlebotomine flies and the non-human and human mammals, which act first as blood resources. In this study, we aimed to analyze the association between L. tropica haplotypes and geographic location. Using different molecular markers (Krayter, Alam et al. 2014; Krayter, Bumb et al., 2014; Schwenkenbecher et al., 2006) , previous studies have reported a correlation between genetic diversity and geographical origins of L. tropica populations.
Within Indian L. tropica strains, for example, the genetic diversity revealed by MLMT seems to be mainly due to the geographical origin rather than time of isolation (Krayter, Bumb et al., 2014) .
The long-term goals of the present pilot study are to further explore the relationships between the genetic diversity of L. tropica in human and P. sergenti populations. In human populations, healthy human individuals experiencing asymptomatic parasitism should be included in addition to CL patients, and the blood preference of P. sergenti should be monitored and correlated to features of their ecosystems.
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